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(54) Suturing device for sealing an opening in a blood vessel 



(57) A suturing device (520) allows a physician to 
remotely seal an incision (26) in a blood vessel (16) or 
other biological tissue. The device (520) comprises an 
elongated tubular body (514, 515) having a distal portion 
(515, 522) which is adapted to be inserted percutane- 
ously through the incision (26) and into the blood vessel 
(16). The distal portion (515, 522) has at least first and 
second retractable arms (524, 525, 525', 630, 630', 660, 
662) which extend from the distal portion (515, 522) of 
the body (514, 515) and releasably hold a suture (40) 
within the blood vessel (16). First and second retracta- 
ble needles (546, 650), each of which is configured to 
catch the suture (40) from a respective arm (524, 525, 
525', 630, 630', 660, 662), are provided along the body 
(514, 515) proximal to the retractable arms (524, 525, 
525', 630, 630', 660, 662). The arms (524, 525, 525', 
630, 630', 660, 662) and the needles (546, 650) are re- 
motely movable by the physician using a handle (550, 
600, 700) or other control mechanism provided at a dis- 
tal portion of the device (520). In operation, the arms 
(524, 525, 525', 630, 630', 660, 662) are initially de- 
ployed within the blood vessel (16) to hold the ends of 
the suture (40) beyond the circumference of the tubular 
body (514, 515). The needles (546, 650) are then de- 
ployed from and then retracted into the body (514, 51 5), 
during which time the needles (546, 650) pierce the wall 
(22) of the vessel (1 6) on substantially opposite sides of 
the incision (26), release the suture ends from the re- 
tractable arms (524, 525, 525', 630, 630', 660, 662), and 
pull the suture (40) through the vessel wall (22). The de- 
vice (520) is particularly useful for closing an incision 
(22) in an artery following a catheterization procedure. 



In one embodiment, the catheter sheath introducer (6) 
used to perform the catheterization procedure is left in 

place during the suturing procedure. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to nnedical sutur- 
ing devices. More particularly, the present invention re- 
lates to suturing devices for closing an opening in an 
arterial or other biological tissue wall that is not directly 
accessible to the physician. 

Brief Description of the Related Art 

[0002] Physicians frequently use sutures to close 
cuts, punctures, incisions and other openings in various 
biological tissue, such as blood vessels, of the hunnan 
body. 

[0003] In an arterial catheterization procedure, a rel- 
atively small percutaneous incision is made in the fem- 
oral or other artery. A catheter is inserted through the 
incision and directed along an arterial path to a target 
area, such as the heart, to perform one or more proce- 
dures, such as an angioplasty or angiogram. These pro- 
cedures are designed to be relatively quick 'outpatient' 
procedures. 

[0004] Upon completion of the catheterization proce- 
dure, the physician typically creates a 'thrombus patch' 
by applying direct pressure to the patient's thigh to make 
the blood around the incision clot. Because the femoral 
artery must not be completely blocked (occluded) by the 
applied pressure, the physician commonly applies direct 
pressure by hand for the first twenty minutes after the 
procedure. During this time, the physician can feel the 
pulse to assure the artery is not occluded. Aftenwards, 
the physician usually turns the procedure over to an as- 
sistant who applies direct pressure using sandbags, 
clamps or other devices. A significant problem with this 
approach is that it is frequently necessary to apply the 
pressure for an extended period of time, such as twenty- 
four hours or longer. 

[0005] Another problem with the thrombus patch 
method is that the high blood pressure in the artery can 
cause the thrombus patch to rupture or burst while direct 
pressure is being applied tothethigh orafterdirect pres- 
sure is removed. This requires the whole process to be 
restarted. If the patch ruptures and is not restored, the 
patient may bleed to death. Because thrombus patches 
frequently burst, the patient frequently must remain in 
the hospital or catheterization lab overnight for obser- 
vation. Thus, these 'out-patient' procedures become 'in- 
patient' procedures, simply because a thrombus patch 
it is difficult to create. Staying in the hospital increases 
patient discomfort and hospital expenses, which are of- 
ten disproportionate to the actual medical procedure 
performed. 

[0006] Furthermore, if a thrombus patch cannot be 
formed, the physician may need to anesthetize the pa- 



tient, occlude blood flow to the artery, make a large in- 
cision in the thigh to allow conventional suturing with a 
needle, suture the artery with conventional means, re- 
store blood flow to the artery, and suture the incision in 
5 the thigh. This results in additional discomfort and ex- 
penses for the patient. 

[0007] While the above problems could potentially be 
avoided by suturing the blood vessel immediately fol- 
lowing the catheterization procedure, the size and \oca- 

10 tion of the artery make suturing difficult. Specifically, the 
opening in the thigh is typically too small and too deep 
to provide enough working space for suturing the artery 
using conventional methods. Thus, in order to suture the 
vessel according to conventional methods, the opening 

15 in the thigh would have to be significantly enlarged, po- 
tentially exposing the patient to additional pain, scarring, 
and health risks. 

Summary of the Invention 

20 

[0008] The present invention addresses the above 
problems by providing a suturing device and method for 
suturing an opening in a biological tissue wall, such as 
an organ or blood vessel. The device is particularly well 

25 suited to suture an opening made in an artery, such as 
the femoral artery, following a catheterization proce- 
dure. The device eliminates the need to apply pressure 
to a patient's thigh for an extended period of time, and 
eliminates many of the complications and costs associ- 

30 ated with the creation of a thrombus patch. 

[0009] In a preferred embodiment, the device com- 
prises an elongated tubular body having a distal portion 
which is adapted to be inserted percutaneously through 
an initial incision and into the blood vessel. The distal 

35 portion has a pair of retractable arms which can extend 
from the distal portion of the elongated body and releas- 
ably hold a suture within the blood vessel. The arms re- 
tract into and extend out from respective openings on 
sides of the elongated tubular body. 

40 [0010] First and second retractable needles, each of 
which is configured to catch the suture or a looped end 
of the suture from a respective retractable arm, are pro- 
vided along the elongated body proximal to the retract- 
able arms. The arms and the needles are remotely mov- 

45 able by the physician using a handle or other control 
mechanism provided at a distal portion of the device. 
The needles extend distal ly and outwardly from the 
elongated body (preferably by flexing outward during 
deployment) to capture the suture. 

50 [0011] In operation, following a catheterization proce- 
dure in which a standard catheter sheath introducer 
(CSI ) is used to introduce a catheter into a blood vessel, 
the distal portion of the elongated body is introduced into 
the blood vessel through the CSI. The CSI may advan- 

55 tageously be left substantially in the inserted position 
during the suturing procedure. During insertion, the re- 
tractable arms are maintained in their retracted position. 
Once inside the blood vessel, the arms are deployed to 
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hold the ends of the suture beyond the circunnference 
of the elongated tubular body. Using a control handle, 
the needles are then deployed from and then retracted 
into the elongated body, during which time the needles 
pierce the vessel wall on substantially opposite sides of 
the incision, release and capture the suture ends from 
the retractable arms, and pull the ends of the suture 
through the vessel wall. The arms are then moved to 
their retracted position, and the device is withdrawn from 
the blood vessel and the patient's body with the ends of 
the suture. A knot or suture clip may then be advanced 
to the incision site to close the incision. 
[0012] In accordance with the invention, there is thus 
provided a suturing device for remotely sealing an inci- 
sion in a wall of a blood vessel or other biological struc- 
ture. The suturing device comprises an elongated body 
having a distal portion which is adapted to be inserted 
through the incision and into the blood vessel. The distal 
portion has an outer wall with first and second apertures 
formed therein. The elongated body further comprises 
first and second needle ports positioned proximal to the 
distal portion such that the needle ports remain outside 
the blood vessel when the distal portion is positioned 
within the blood vessel. The device further comprises 
first and second arms which retract into and extend out 
from the first and second apertures, respectively and 
which releasably hold a suture. The arms are remotely 
movable to a deployed position in which the arms extend 
outward from the body to hold the suture away from the 
body. First and second needles extend from the first and 
second needle ports, respectively, to capture the suture. 
The needles are remotely movable between a retracted 
position in which the needles are housed within the 
body, and an extended position in which the needles ex- 
tend distally from the needle ports and outwardly from 
the body. Movement of the needles from the retracted 
position to the extended position, and back to the re- 
tracted position, with the arms deployed within the blood 
vessel and holding the suture, causes the needles to 
pierce the blood vessel, release the suture from the 
arms, and withdraw a portion of the suture from the 
blood vessel. 

[0013] The distal section of the elongated body, in- 
cluding the needles and the needle ports, is preferably 
configured to be percutaneously introduced into a pa- 
tient through a standard CSI used to perform a cathe- 
terization procedure, such that the needles may be ex- 
tended and retracted to capture and withdraw the suture 
without removing the CSI from the patient. A proximal 
section of the elongated body preferably includes a 
marker on an outer surface, the marker indicating a lon- 
gitudinal position to which the CSI may be partially with- 
drawn to expose the needle ports. 
[0014] The needles preferably have a substantially 
straight configuration when in the retracted position, and 
bend outward away from the body when in the extended 
position. The needle ports preferably include needle 
guides which apply an outward force to the needles to 



cause the needles to bend outward. In one embodiment, 

each needle includes a notch formed therein for captur- 
ing a loop in the suture. In another embodiment, each 
needle includes groove formed circumferentially there- 
5 in, the groove being configured to engage a loop or fit- 
ting at an end of the suture. 

[0015] The first and second arms are preferably inter- 
connected by a flexible, resilient hinge which holds the 
arms in a partially open position when the hinge is in a 
10 relaxed state. The flexible hinge is preferably coupled 
to an actuator shaft which extends within a lumen of the 
body, such that application of a proximal force to the ac- 
tuator shaft causes the arms to move from the partially 
open position to the deployed position, and such that 
15 application of a distal force to the actuator shaft causes 
the arms to move from the partially open position to a 
retracted position. The outer surfaces of the first and 
second arms are preferably flush with an outer surface 
of the body, and the arms substantially parallel to the 
body, when the arms are retracted within the body The 
first and second arms preferably extend radially outward 
from the body at an angle of approximately 90 degrees 
when in the deployed position. The arms are preferably 
spaced proximal ly from a distal tip of the body, so that 
the arms are inhibited from contacting a wall of the blood 
vessel opposite the incision during deployment. 
[0016] The distal portion of the body preferably in- 
cludes at least one blood port which is fluidly coupled to 
a lumen within the elongated body. The lumen extends 
to a proximal portion of the elongated body to allow a 
physician to determine whether the distal portion is in 
the blood vessel. The lumen may be coupled to a pres- 
sure sensor that provides a visual indication of whether 
the distal portion is in the blood vessel. 

Brief Description of the Drawings 

[001 7] Figure 1 A illustrates a distal section of a sutur- 
ing device in accordance with the present invention in 

an exemplary use environment, with the device shown 
on cut-away form . 

[0018] Figure 1 B is a cross -sect ion a I view of the de- 
vice of Figure 1 A. 

[0019] Figure 2 is a cross-sectional view which illus- 
trates the construction of the device of Figure 1 A in ac- 
cordance with one embodiment of the invention, where- 
in the distal end of the device is shown inserted through 
a blood vessel wall. 

[0020] Figure 3 is a cross-sectional view of the device 
of Figure 2 with the suture clasp member partially de- 
ployed. 

[0021] Figure 4A is a perspective, cut-away view of 
the device of Figure 2, showing a suture clasp member, 
an actuator and a hollow elongated body. 
[0022] Figure 4B is an exploded view of the suture 
clasp member, pivot pin and actuator of Figure 4A. 
[0023] Figure 4C is a perspective view of a two-piece 
suture clasp member according to another embodiment 
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of the invention. 

[0024] Figure 4D is a cross-sectional view of the two- 
piece suture clasp member of Figure 4C and a spreader 
within a suture introducer head. 
[0025] Figure 5 is a perspective view of the suture in- 
troducer head and suture clasp member of Figure 2. 
[0026] Figure 6 is perspective view of the device of 
Figure 2 with the suture clasp member partially de- 
ployed and holding a suture. 

[0027] Figure 7 is a perspective cut-away view of the 
device of Figure 2. 

[0028] Figure 8 is cross-sectional view of the device 

of Figure 2 with the suture clasp arms fully deployed and 

holding a suture within a blood vessel. 

[0029] Figure 9 is a cross-sectional view of another 

embodiment of the Figure 1 A device. 

[0030] Figure 1 0 is a cross-sectional view of a handle 

of the device of Figure lAaccording to one embodiment 

of the invention. 

[0031] Figure 11 is a perspective view of the handle 
of Figure 10. 

[0032] Figure 1 2 is a cross-sectional view of a handle 
according to another embodiment of the invention. 
[0033] Figure 1 3A is a perspective view which illus- 
trates another embodiment of the Figure 1 A device. 
[0034] Figure 1 3B is a cross-sectional view of the de- 
vice of Figure ISA. 

[0035] Figure 14A-14B are perspective views of a 
two-piece configuration of the suture clasp member of 
Figure 1 3A. 

[0036] Figure 15 is a perspective view of the device 
of Figure ISA with the suture clasp arms partially de- 
ployed. 

[0037] Figure 16 is a perspective view of the device 
of Figure 1 3A with the suture clasp arms fully deployed. 
[0038] Figure 17 is a perspective view of the device 
of Figure 1 3A with the suture clasp arms fully deployed 
and needles engaging the suture clasp member. 
[0039] Figure 18 is a perspective view of the Figure 
1 A device with the handle of Figure 10. 
[0040] Figures 1 9-20 are perspective views of a four- 
arm suture clasp assembly according to another em- 
bodiment of the invention. 

[0041] Figure 21 is an exploded view of a handle ac- 
cording to another embodiment of the invention. 
[0042] Figure 22 is a perspective view of the handle 
of Figure 21. 

Detailed Description of the Preferred Embodiments 

[0043] The present invention provides a suturing de- 
vice for suturing biological tissue. N^rious embodiments 
of the suturing device are described below. In the dis- 
closed embodiments, the device is adapted to be used 
to seal an incision in a blood vessel. As will be recog- 
nized by those skilled in the art, the disclosed design 
can also be used to seal incisions in other types of bio- 
logical structures, such as a patent ductus arteriosus, a 



patent foramen ovale, a heart defect, or a puncture 

wound. 

[0044] Figures 1A-1B illustrate the suturing device 
520 in accordance with a preferred embodiment of the 
5 present invention in an exemplary use environment. In 
Figures 1 A-1 B, the suturing device 520 is used to seal 
a blood vessel 16 following an interventional catheteri- 
zation procedure, such as an angiogram. During the 
catheterization procedure, the physician makes an ini- 
10 tial incision 20 in the upper thigh 12 of a patient 2. The 
physician then inserts a needle (not shown) into the in- 
cision 20. When blood bleeds back from the insertion, 
the physician knows the needle has pierced the femoral 
artery 16 through a blood vessel incision 26. The phy- 
15 sician then inserts a guidewire (not shown) through the 
needle and into the artery 16. The physician may take 
the needle out and insert a plastic needle (not shown) 
over the guidewire once the guidewire is in place. The 
guidewire may then be taken out. 
20 [0045] With this needle in place, the physician can in- 
sert a catheter sheath introducer (CSI ) 6, also called an 
introducer sheath. This introducer sheath 6 is typically 
a single lumen catheter with a valve on its proximal end. 
The valve is used to prevent extraneous bleed back or 
25 to introduce medication into the patient's body. The ves- 
sel incision 26 provides access for medical instruments 
and probes to be inserted inside the arterial vessel 16. 
Instruments may be inserted into the artery 16 via the 
introducer sheath 6 to perform various medical prece- 
de dures. For example, a catheter may be inserted through 
the CSI 6 and directed along an arterial path to a target 
area, such as the heart, to perform one or more percu- 
taneous approach procedures, such as an angioplasty 
or angiogram. 

35 [0046] After the medical procedure described above, 

the physician inserts a distal portion of the suturing de- 
vice 520 into the biological tissue 1 4 through the CSI 6, 
as shown in Figures 1 A-1 B. The distal portion of the su- 
turing device 520 passes through the CSI 6 and through 

40 the vessel incision 26 into the femoral artery 16. The 
device 520 is then used to place a suture through the 
wall 22 of the blood vessel 1 6 on either side of the vessel 
incision 26, so that the incision 26 can be efficiently and 
reliably sealed. 

45 [0047] As described in detail below, the distal portion 
includes retractable arms 524 (seen in Figure 1 B) which 
releasably hold the suture within the blood vessel 16. A 
set of flexible, retractable needles 546 (Figure 2) are 
used to pierce the blood vessel 16 on opposite sides of 

50 the incision 26, capture the ends of the suture from the 
arms, and withdraw the ends of the suture from the 
blood vessel 16. The arms and the needles can be re- 
motely deployed and retracted by the physician as 
needed using a control handle, several embodiments of 

55 which are described below. Once the ends of the suture 
have been captured and withdrawn from the vessel 16, 
the device 520 is withdrawn from the CSI and the pa- 
tient's thigh with the ends of the suture. 
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[0048] Figure 2 is a cross-sectional view of a preferred 

embodiment of the suturing device 520 of Figure 1 A with 
the distal portion inserted through a blood vessel wall 
22 via the incision 26. In Figure 2, the suturing device 
520 comprises a suture introducer head 522, an elon- 
gated body 514, an actuating rod 50, an actuating rod 
lumen 530, a suture clasp member 500, a pivot pin 502, 
a pairof sutureclasp arm apertures 508, apairof flexible 
needles 546, a suture catch 38 on each needle 546, a 
pair of needle ports or apertures 510, a pair of needle 
insertion guides 51 2, a pair of needle housings or needle 
lumen 516, a suture 40, and an aperture 540 at the distal 
end of suture introducer head 522. The suture clasp 
member 500 comprises a pair of suture clasp arms 524, 
apairof protrusions (suture clasp member stopper) 528, 
a hinge portion of the suture clasp member 542 and a 
pair of suture clasps 544. The device is illustrated in Fig- 
ure 2 following insertion into bloodvessel 16, but before 
deployment of the suture clasp arms 524. As illustrated 
in Figures IB and 2 and described below, the CSI 6 is 
withdrawn from the blood vessel 16 to expose the nee- 
dle ports 510 following insertion of the device, but re- 
mains inserted within the thigh. As illustrated in Figure 
9, the device 520 may alternatively be constructed using 
a unitary body or housing 51 5, rather than using a sep- 
arate suture introducer head 522. 
[0049] The dimensions of the suturing device 520 
may vary according to the suture site and the biological 
tissue intended to be sutured. In one configuration, 
which is used for suturing a femoral artery 1 6, the diam- 
eter of the suture head introducer 522 is about 0.105 
inches, and the diameter of the hollow elongated body 
514 is about 0.098 inches. 

[0050] As shown in Figures 3 and 5-8, each needle 
port 510 corresponds to a respective suture clasp arm 
524. Each needle port 510 includes a needle guiding 
portion 512 ("needle guide"), in the form of an outwardly 
curved groove or channel, which guides the correspond- 
ing needle 546 along a particular path. The needle 
guides 512 may be formed within the suture introducer 
head 522 (as shown in Figure 2) as part of a mold, or 
may be separate pieces (not shown) that are inserted 
into the suture introducer head 522 during manufacture. 
[0051] As illustrated in Figure 8, as the needles are 
deployed distally to the extended position, the needle 
guides cause the needles 546 to bend outward so that 
they pierce the blood vessel on either side of the incision 
26, and then engage the deployed suture clasp arms 
524 to capture respective loops in the ends of the suture 
40. Thereafter, the needles 546 are retracted to with- 
draw the ends of the suture 40 through the incisions 248 
created by the needles. 

[0052] Figure 7 shows a preferred configuration of the 
hollow elongated body 514 with five lumens. Two of the 

lumens 516 are used to house the needles 546 (Figure 
2). Another lumen 530 is used to house the actuating 
rod 50. Another lumen 532 is used to hold the length of 
the suture 40 to prevent the suture 40 from becoming 



tangled. Alternatively, the suture 40 may be stored in the 

actuating rod lumen or in a hole drilled into the suture 
clasp arm 500. 

[0053] The fifth lumen 534 is preferably used for 

5 'bleed back,' which lets the physician determine whether 
the distal end 504 of the suture introducer head 522 is 
still positioned in the artery 16 after the physician par- 
tially removes the CSI 6. Bleed back is accomplished by 
the hole 540 (Figure 5) at the distal end 504 of the suture 

10 introducer head 522, the suture clasp arm apertures 508 
and any other openings in the suture introducer head 
522. The direction of blood flow for bleed back is shown 
by the dashed arrows in Figures 2 and 9. If the distal 
end 504 of the introducer head 522 is still in the artery 

15 16, the blood pressure measured by the blood coming 
up into the hole 540 wil I be much greater than if the distal 
end 504 is not in the artery 1 6. In one embodiment, the 
bleed back lumen 534 extends to a port (not shown) at 
a proximal portion of the device, and the physician can 

20 observe the blood pressure through bleed back lumen 
534 by monitoring blood flow from the port. For example, 
the bleed back lumen may be attached to a balloon 
which inflates when the distal portion 504 of the suture 
introducer head 522 is within the blood vessel 16. In an- 

25 other embodiment, a pressure sensor is associated with 
the blood flow lumen 534 to provide the physician with 
a numeric reading. Alternatively, the fifth lumen 534 may 
be used to inject medication or for diagnostic purposes. 
[0054] As shown in Figure 7, there are two thin stripes 

30 538 (only one is shown in Figure 7) marked on the ex- 
terior of the elongated body 514. The stripes 538 indi- 
cate the rotational orientation of the suture introducer 
head by denoting circumferential locations of the two 
needles 546. The stripes 538 extend along a portion of 

35 the elongated body 514 which is outside the patient's 
flesh 14. The stripes 538 help the physician to align the 
needles 546 with the axis of the blood vessel 1 6, so that 
the needle incisions 248 (Figure 8) will be longitudinally 
aligned. As shown in Figure 2, the suture 40 preferably 

40 closes the artery vessel opening 26 transverse to the 
flow of blood. This is the most efficient direction to close 
the opening 26. Proper insertion of the needles 546 also 
reduces the risk of damage to the vessel walls 22, 506. 
Alternatively, in another configuration, there is only one 

45 stripe to denote the circumferential location of one of the 
two needles 546. The physician will know the circumfer- 
ential location of the other needle 546 because the nee- 
dles 546 are 1 80 degrees apart. 
[0055] As illustrated in Figure 7, the exterior surface 

50 of the elongated body 514 includes a marker 539 which 
denotes the proximal position to which the CSI 6 should 
be partially withdrawn (after the distal portion of the su- 
turing device 520 has been inserted into the blood ves- 
sel 16) to expose the needle apertures 510. The partial 

55 withdrawal of the CSI 6 is described below. The marker 
539 is shown as a visual marker, but may additionally 
or alternatively be in the form of a ridge, groove, or other 
physical structure which interacts with a corresponding 
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structure of the CSI 6 to allow the physician to position 
the CSI 6 using the sense of feel. For example, the CSI 
6 and elongated body 51 4 could be configured to releas- 
ably engage or interlock with one another when the CSI 
6 reaches the proper position along the body 51 4. A spe- 
cially formed CSI 6 which includes such an Interlocking 
structure is included within the scope of the invention. 
One or more additional longitudinal markers (not shown) 
could be provided along the body 51 4, distal to the mark- 
er 539, to indicate other relative positions of the CSI 6 
and the body 51 4, such as the position at which the re- 
tractable arms 524 are exposed outside the CSI 6. 
[0056] As illustrated in Figures 2-4B, the suturing de- 
vice 520 includes asingle, resilient suture clasp member 
500 attached to the actuating rod 50. This resilient su- 
ture clasp member 500 is preferably of a unitary con- 
struction as shown. The suture clasp member 500 com- 
prises a center or hinge portion 542 and two suture clasp 
arms 524 (one for each needle 546). Each suture clasp 
arm 524 has a suture clasp 544 at the end thereof. 
[0057] The hinge portion 542 of the suture clasp mem- 
ber 500 acts as a "living hinge" because it has a memory 
which causes the member 500 to return to a partially 
open, unretracted position (Figure 3) when a force (ap- 
plied via rod 50) is released. This can be seen in Figures 

2 and 3. In Figure 3, the suture clasp member 500 is 
deployed in the artery 16 in its predisposed (relaxed or 
natural) position. In Figure 2, the suture clasp member 
500 is retracted into the suture introducer head 522 in 
its compressed (stressed or tensed) position. The arms 
524 are moved to the retracted position by applying a 
distal force to the actuator rod 50, which causes the 
arms to contact deflection surfaces 518 (Figure 3). 
[0058] This suture clasp member 500 is preferably 
composed of a resilient shape memory material such as 
NITENOL. The suture clasp member 500 may alterna- 
tively be composed of another material with spring-like 
characteristics, such as plastic, spring steel, stainless 
steel or any variations thereof. Further, the suture clasp 
member 500 could be composed of two arms that are 
hingedly connected to the actuating rod 50 without the 
use of a resilient hinge, as shown in Figures 4C and 4D 
and described below. 

[0059] The living hinge configuration is easily adapt- 
able to having three arms spaced at 120 degrees or four 
arms (as in Figures 19 and 20) spaced at ninety de- 
grees. If there are three arms, then there are preferably 

3 needles 546 and six lumens in the elongated body 
514. Thus, other configurations and numbers of arms 
can be incorporated into the device to accomplish the 
specific needs of the application. 

[0060] The needles 546 are flexible and preferably 
made from a material with shape memory, such as SU- 
PERFLEX NITENOL. Alternatively the needles 546 
may be composed of spring steel surgical stainless 
steel or any variation thereof. The diameter of the nee- 
dles 546 is preferably about 0.019 inches, but needles 
with other diameters may be used in accordance with 



the present invention. 

[0061] When the needles 546 are advanced distally 
and come in contact with the needle insertion guides 
512, the needle insertion guides 512 cause the needles 

5 546 to bend radially outward. The needles 546 also pref- 
erably further bend slightly (radially outward) when they 
come in contact with the angled surfaces 545 of the su- 
ture clasp arms 524, as shown in Figure 8. When the 
needles 546 are retracted into the needle lumens 516, 

10 they resume a straight configuration as a result of their 
resiliency. Although the embodiment of Figures 2-9 pref- 
erably uses flexible needles which bend during deploy- 
ment, it is contemplated that non-bending needles, 
which may be either straight or curved, could alterna- 

15 tively be used. 

[0062] As illustrated by the cut away views of Figures 
4A and 4B, the actuating rod 50 attaches to the resilient 
suture clasp member 500 by a pivot pin 502. The actu- 
ating rod 50 in this configuration preferably comprises 

20 a single shaft (as shown), but may comprise a plurality 
of shafts in other configurations. 
[0063] Figure 4C is a perspective view of a non-living 
hinge embodiment or a two-piece suture clasp member 
501 . Figure 4D is a cross-sectional view of the two-piece 

25 suture clasp member 501 and a ramp or spreader 523 
within the suture introducer head 522. Alternatively, in 
another configuration, the hinge portion of the suture 
clasp member 501 is similar to a hinge portion shown in 
Figure 14, which is described below. The spreader 523 

30 may be a separate piece attached within the suture in- 
troducer head 522. Alternatively, the spreader and su- 
ture introducer head 522 may comprise a single molded 
piece. 

[0064] The length of the suture clasp arm 525 is pref- 
35 erably about 0. 1 74 inches. The length of both of the su- 
ture clasp arms 525, 525' together in their fully extended 
position (deployed with both arms parallel to each other) 
is preferably about 0.288 inches. In other configurations 
of the suture clasp arms 525, 525', the dimensions may 
40 vary. 

[0065] In Figure 4D, when the actuating rod 50 pulls 
the two-piece suture clasp member 501 proximally 
(while the suture clasp member 501 is in its retracted 
position), the distal edges of the spreader 523 come in 

45 contact with the tips of the suture clasp arms 525, 525'. 
The spreader 523 causes the two suture clasps arms 
525, 525' to open radially outward relative to the actu- 
ating rod 50. In a preferred method of operation, the ac- 
tuating rod 50 continues to pull the suture clasp member 

50 501 proximally until the center of the suture clasp mem- 
ber 50 1 fits into the center of the spreader 523. To retract 
the suture clasp arms 525, 525' into the suture clasp 
member's retracted position, the actuating rod 50 is ad- 
vanced distally, and the interior edges 518 of introducer 

55 head 522 come in contact with the suture clasp arms 
525, 525.' The interior edges 51 8 of introducer head 522 
cause the two suture clasp arms 525, 525' to retract ra- 
dially inward relative tothe actuating rod 50. The general 
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use and operation of the two-piece suture clasp member 

501 is similar to the use and operation of the one-piece 
suture clasp member 500 shown in Figure 4A, as de- 
scribed below. 

[0066] The proximal portion of the suturing device 520 
preferably includes a handle which allows the physician 
to externally operate the suture clasp arms 524 and the 
needles 546 inside the blood vessel 16. This handle 
preferably has three actions: a first action in which the 
actuating rod 50 applies a proximal force to the hinge 
portion 542 to deploy and maintain the arms 524 in a 
fully outward position (Figure 8); a second action to ad- 
vance the needles 546 distally (Figure 8) and pull the 
needles 546 back proximally using one or more springs; 
and a third action in which the actuating rod 50 applies 
a distal force to the hinge portion 542 to retract the arms 
524 (Figures 2, 4D or 9). 

[0067] Alternatively, the handle may be a 2 action 
handle in which one of the two actions is a combination 
of two of the three actions described above for the 3-ac- 
tion handle. For example, in a first action, the actuating 
rod 50 applies a proximal force to the hinge portion 542 
to deploy and maintain the suture clasp arms 524 in a 
fully extended state of Figure 8. With the arms 524 in 
this fully extended position, the needles 546 automati- 
cally advance distally (Figure 8) and retract proximally 
to capture the looped ends of the suture 40. In a second 
action for this 2-action handle, the actuating rod 50 ap- 
plies a distal force to the hinge portion 542 to retract the 
suture clasp arms 524 (Figu res 2, 4D or 9). This 2-action 
handle is suited for physicians with more experience in 
operating this suture device 520. It will be apparent to 
one of ordinary skill in the art that a 1 -action handle or 
a 4-action handle (inserting and withdrawing the nee- 
dles 546 as two separate actions) could be used, or that 
separate handles or triggers could be provided for dif- 
ferent actions. Several different handle designs are de- 
scribed below. 

[0068] Figure 1 0 is a cross-sectional view of a handle 
550 according to one embodiment of the invention. The 
handle is ope ratively attached to the proximal end of the 
hollow elongated body (shown in dashed lines), and 
may be used with any of the embodiments of the device 
disclosed herein. Figure 11 is a cross-sectional, cut- 
away perspective view of the handle 550 of Figure 10. 
Figure 18 is a perspective view of an entire device 520 
which includes the handle 550 of Figure 10. 
[0069] The handle 550 comprises an actuating rod 
aperture 551 , a main housing 552, a pair of finger grips 
554, a suture clasp arm piston 556 with a locking groove 
576, a needle piston 560 with at least one raised key 
portion 562, a releasor 568 with a locking stopper 572, 
a pivot pin 570, a releasor support 574, a compression 
spring (not shown) operatively positioned in a spring re- 
cess 578 between the suture clasp arm piston 556 and 
the needle piston 560, a needle piston support cylinder 
580 with at least one grooved recess 564 and needle 
clamps 584. 



[0070] In one configuration, the housing 552 is at- 
tached to or is a continuation of the hollow elongated 
body 514 of Figure 2 or the single suture insertion and 
retraction housing 515 of Figure 9 or the suturing device 

5 of Figure 13A. In another configuration, the housing 552 
is separate from the hollow elongated body 514 (Figure 
2) or the single suture insertion and retraction housing 
515 (Figure 9) or the device of Figure 13A. In this con- 
figuration, the actuating rod 50 connects the housing 

10 552 with the hollow elongated body 514 (Figure 2) or 
the single suture insertion and retraction housing 515 
(Figure 9) or the device of Figure ISA. 
[0071] A proximal portion of the actuating rod 50 (as 
shown in Figures 2, 4D or 9) slides through the actuating 

^5 rod aperture 551 at the distal end of the housing 552. 
The proximal end of the actuating rod 50 is attached to 
the distal end 558 of the suture clasp arm piston 556, 
which is slidably received within the main housing 552. 
A compression spring (not shown) resides in the spring 

20 recess 578 of the housing 552 between the suture clasp 
arm piston 556 and the needle piston 560 and simulta- 
neously exerts two forces: a distal force on the suture 
clasp arm piston 556; and a proximal force on the needle 
piston 560. 

25 [0072] The needle clamps 584 of the needle piston 

560 hold the proximal ends of the needles 546. The nee- 
dle piston 560 is slidably received within a distal portion 
of the housing 552. The needle piston support cylinder 
580 is attached to the housing 552 and preferably does 

30 not move relative to the housing 552. 

[0073] The releasor 568 pivots radially inward and 
outward on the pivot pin 570. The releasor support 574 
exerts a radially outward force on the releasor 568. This 
force causes the releasor 568 to pivot and the locking 

35 stopper 572 to fall into the locking groove 576 of the su- 
ture clasp arm piston 556 when the locking groove 576 
is aligned to receive the locking stopper 572. The re- 
leasor support 574 is preferably made of a resilient 
shape memory material such as NITENOL. The re- 

40 leasor support 574 may alternatively be composed of 
another material with spring-like characteristics, such as 
plastic, spring steel, stainless steel or variations thereof. 
Other embodiments of the handle are described below 
with reference to Figures 12, 21 and 22. 

45 [0074] The use and operation of the device 520 and 
the handle 550 will now be described in further detail 
with reference to Figures 1A-11. In operation, with the 
CSI 6 extending into the patient's artery 16 (not shown), 
the physician inserts the distal portion of the device 

50 through a CSI 6 and into the artery 16 (Figures 1A-1B), 
such that the needle ports remain outside the artery 51 0. 
The CSI 6 is then partially withdrawn proximally along 
the elongated body 514 of the suturing device 520 to 
remove the CSI 6 from the artery 16 and expose the 

55 needle apertures 510, as shown in Figure 2. The dis- 
tance of the partial removal of the CSI 6 (proximal rela- 
tive to the elongated body 51 4) is substantially less than 
the length of the elongated body 51 4 within the flesh 1 4. 
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There are one or more markings 539 (Figure 7) on the 

exterior surface of the elongated body 514 which indi- 
cate how far the physician should withdraw the CSI 6 to 
expose the needle apertures 510. The ability to insert 
and withdraw the device 520 through the CSI 6 has the 
important advantage of reducing disturbance or dam- 
age to the surrounding flesh 1 4 of the patient's thigh 1 2 
and the vessel incision 26. 

[0075] The distal end 504 of the introducer head 522 
has a smooth, rounded surface to prevent injury to the 
opposite vessel wall 506 when inserting the introducer 
head 522. In addition, the blood flow in the artery 16 is 
uninterrupted because the introducer head 522 does not 
occlude the artery 16. The physician may use the aper- 
ture 540 at the distal end of the suture introducer head 
522 and the bleed back lumen 534 to determine when 
the distal end 504 of the suture introducer head 522 is 
in the artery 16. 

[0076] While the introducer head 522 is inserted into 
the artery 16 as in Figure 2, the actuating rod 50 holds 
the resilient suture clasp member 500 in its compressed 
position within the introducer head 522. The actuating 
rod 50 applies a downward force while the interior edges 
51 8 of the introducer head 522 apply an inward force on 
the two suture clasp arms 524. The combination of these 
two forces cause the hinge portion 542 of suture clasp 
member 500 between the two arms 524 to elastically 
deform or compress. The suture clasps 544 hold the 
looped ends of a suture 40 in the angled slot of the su- 
ture clasps 544 as shown in Figures 2 and 4A. The 
looped ends of the suture 40 are held securely by the 
suture clasps but are positioned for easy removal by the 
suture catches 38 of the needles 546. 
[0077] When the distal portion of the device 520 is 
properly positioned in the blood vessel 16 (as in Figure 
2 or 9), the physician may deploy the suture clasp arms 
524 (Figure 3) by pulling the finger grips 554 in a prox- 
imal direction relative to the housing 552 (Figure 11 ). A 
physician may pull the suture clasp arm piston 556 prox- 
imally by placing the physician's index and middle finger 
around the finger grips 554 and pushing on the proximal 
end 582 of the housing 552. This action is similar to op- 
erating a standard syringe. This motion compresses the 
spring (not shown) in the spring recess 578 of the handle 
550 in a proximal direction. As the suture clasp arm pis- 
ton 556 moves proximally, the actuating rod 50 moves 
in a proximal direction relative to the elongated body 51 4 
or housing 515. This is shown by the arrows in Figure 
3. This motion causes the suture clasp member 500 to 
deploy or open to its predisposed or natural position as 
shown in Figure 3. The suture clasp arms 524 deploy 
out of the introducer head 522 into the blood vessel 16 
through two suture clasp arm apertures 508 (Figure 3), 
one on either side of the introducer head 522. 
[0078] When the physician pulls the suture clasp arm 
piston 556 a certain proximal distance relative to the 
housing 552, the locking stopper 572 at the distal end 
of the releasor 568 moves radially inward and falls into 



the locking groove 576 of the piston 556. The locking 
stopper 572, in combination with the locking groove 576, 
prevents the suture clasp arm piston 556 from advanc- 
ing distally. The force of the spring in recess 578 pre- 
5 vents the suture clasp arm piston 556 from moving prox- 
imally. The locking of the suture clasp arm piston 556 
stabilizes the suture clasp arms 524 in a locked position 
before the needles 546 are advanced distally. 
[0079] In this locked position, the suture clasp arms 
10 524 preferably have reached their fully extended posi- 
tion, as shown in Figure 8. In the fully extended position, 
the actuating rod 50 (attached to the suture clasp arm 
piston 556) has pulled the resilient suture clasp member 
500 up, and the proximal inside edges 536 of the aper- 
15 ture 508 have come in contact with the arms 524 of the 
suture clasp member 500. This is shown in Figure 8. 
The pulling of the actuating rod 50 and the stationary 
inside edges 536 of the apertures 508 cause the arms 
524 to bend backward until the arms 524 are longitudi- 
nally aligned with each other, as shown in Figure 8. 
Thus, the resilient suture clasp member 500 is deformed 
from its natural configuration again, but this time in an 
extended position instead of a compressed position. In 
this extended position, the physician may move the su- 
turing device 520 proximally so that the arms 524 touch 
the interior of the vessel wall 22 while the needles 546 
advance distally and capture the ends of the suture 40 
from the suture clasps 544. 

[0080] Next, the physician twists the needle piston 
560 clockwise or counter-clockwise until the raised key 
portion 562 of the needle piston 560 matches the 
grooved recess 564 of the needle piston support cylin- 
der 580. The grooved recess 564 of the needle piston 
support cylinder 580 allows the raised key portion 562 
of the needle piston 560 to advance distally. Otherwise, 
the needle piston 560 may not be advanced distally if 
the raised key portion 562 does not match the grooved 
access 564. The needle piston support cylinder 580 and 
the raised key portion 562 of the needle piston 560 pre- 
vent the needles 546 from advancing distally premature- 
ly or improperly. Premature or improper insertion of the 
needles may cause damage to the patient's surrounding 
tissue 14 (Figure IB) or the blood vessel 16. 
[0081] When the raised key portion 562 of the needle 
piston 560 matches the grooved recess 564 of the nee- 
dle piston support cylinder 580, the physician may ad- 
vance the proximal end of the needle piston 560 (with 
the physician's thumb or palm) in a distal direction rela- 
tive to the proximal end 582 of the housing 552. This 
motion compresses the spring in the spring recess 578 
in a distal direction. When the needle piston 560 advanc- 
es distally, the needles 546 and the suture catches 38 
on the needles (Figure 8) also advance distally. 
[0082] The paths taken by the needles 546 are illus- 
trated in Figure 8. The needles 546 slide along the nee- 
dle housings 516 (or needle lumens) and out of the su- 
ture device 520 through needle apertures 510. When 
the needles 546 come in contact with the needle inser- 
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tion guides 512, the needles 546 begin to bend radially 
outward. As the needles 546 exit, they are guided at a 
radially outward, acute angle away from the actuating 
rod 50 by the needle insertion guides 512. The angle of 
the needle deflection is preferably 1 3.2 degrees. Deflec- 
tion angles in the ranges of 10 to 15 degrees and 5 to 
20 degrees are also contemplated. 
[0083] The needles 546 then penetrate the vessel 
wall 22 at an angle and create incisions 248 on either 
side of the main vessel incision 26. The needles 546 
also preferably bend slightly (radially outward) when 
they come in contact with the suture clasp arms 524 as 
the result of contact with angles surfaces (Figure 8) of 
the suture clasp arms. The combination of the suture 
clasps 544 and the suture catches 38 on the needles 
546 creates a lock on the looped ends of the suture 40, 
such that the suture ends will not fall off while the needle 
546 engages the suture clasp member 500. 
[0084] The physician advances the needle piston 560 
distally until the resistance of the compression spring 
prevents the needle piston 560 from advancing any fur- 
ther distally. In this position, the needles 546 are suffi- 
ciently advanced in the blood vessel 16 such that when 
the needles 546 are pulled back proximally, the suture 
catches 38 on the needles 546 will catch the looped 
ends of the suture 40 from the suture clasps 544. As 
shown in Figure 8, the clasp arms 524 hold the suture 
loops away from the suture introducer head 522, so that 
the needles 546 pierce the vessel 22 and catch the su- 
ture loops outside the perimeter of the suture introducer 
head 522. 

[0085] After the physician advances the needle piston 
560 to its farthest distal position, the physician releases 
the needle piston 560. The compressed spring causes 
the needle piston 560 to immediately spring back prox- 
imally. This motion causes the distal portion of the nee- 
dles 546 to immediately spring back proximally into the 
needle housing 516 with the looped ends of the suture 
40 attached to the suture catches 38. 
[0086] The suture catches 38 on the needles 546 
catch the suture loops held by the suture clasps 544 and 
pull the ends of the suture 40 up through the punctured 
holes 248 when the needles 546 are retracted proximal- 
ly. When the needles 546 are retracted into the needle 
lumens 516, they resume a straight configuration. As the 
needles 546 retract, the length of the suture 40 is re- 
leased (as a result of the tension caused by the retract- 
ing needles 546) from where it resided in the suture lu- 
men 532, through an aperture 540 at the distal end 504 
of the suture introducer head 522 and into the artery 1 6. 
[0087] To retract the suture clasp arms 524 (of Figures 
2, 4D or 9), the physician presses the proximal portion 
of the releasor 568 in a radially inward direction. This 
motion causes the releasor 568 to pivot. The locking 
stopper 572 moves radially outward and releases the 
locking groove 576. The force of the compressed spring 
causes the suture clasp arm piston 556 and the actuat- 
ing rod 50 to advance distally. Together with the proximal 



interior edges 51 8 of the introducer head 522, the down- 
ward force of the actuating rod 50 causes the resilient 
suture clasp member 500 to retract into its compressed 
position. As shown in Figures 5 and 6, the suture clasp 

5 arms 524 retract into respective apertures or grooves 
508 on the exterior surface of the introducer head 522. 
In this retracted state, the arms 524 are substantially 
parallel with the elongated body 514. As Figure 5 illus- 
trates, the exterior surfaces of the arms 524 are flush 

10 with the exterior surface of the introducer head 522. This 
reduces the likelihood that the arms 524 will catch on 
the vessel wall 22, flesh 14 or CSI 6 during withdrawal. 
The device 520 is now ready for removal from the blood 
vessel 16. 

15 [0088] The physician withdraws the suturing device 
520 out of the blood vessel 1 6 and out of the flesh 1 4 of 

the patient's thigh 1 2 via the CSI 6. After the device 520 
is withdrawn (and with the CSI 6 still in the flesh 14), the 
physician pulls the ends of the suture 40 and closes the 

20 main vessel incision 26. The physician then ties at least 
one knot with the ends of the suture 40 and slides or 
pushes the knot(s) down through the CSI 6 to the vessel 
incision 26. Alternatively, the physician may fasten a 
small, circular or flat stainless steel clip (not shown) to 

25 the ends of the suture 40 and slide the clip down through 
the CSI 6 to the vessel opening 26 to close the opening 
26. The physician then cuts the unused ends (extra 
length) of the suture 40 and removes the cut portions. 
The physician then removes the CSI 6 from the patient's 

30 thigh 12. 

[0089] The radial deployment of the suture clasp arms 
524 (Figures 2-3 and 8) from the sides of the suturing 
device's body, without extending beyond the distal end 
504 of the device 520, reduces the likelihood that the 

35 sutu re clasp arms 524 will contact and damage the inner 
vessel wall 506 opposite the incision 26. 
[0090] The locked position of the suture clasp arms 
524 (as described above with reference to Figure 8) pro- 
vides a stable base or foundation for holding the looped 

40 ends of the suture 40 while the needles 546 come in 
contact with the suture clasp arms 524 and capture the 
suture 40. The suture clasp arms 524 are preferably 
locked in the locked position by the proximal force of the 
actuating rod 50, the stationary inside edges 536 of the 

45 apertures 508, and the protrusions 528 at the 'elbow' 
end of each arm 524 (Figure 8). Specifically, when the 
suture clasp arms 524 become substantially parallel 
with each other (i.e., each arm 524 is at an angle of ap- 
proximately 90 degrees from the actuating rod 50), the 

50 protrusions 528 at the 'elbow' end of each arm 524 come 
into contact with each other and preferably prevent the 
arms 524 from bending any further than the configura- 
tion shown in Figure 8. The protrusions 528 preferably 
prevent the suture clasp member 500 from moving or 

55 bending unintentionally (opening any farther) when the 
needles 546 are inserted distally and come in contact 
with the suture clasp arms 524. This reduces the risk of 
the looped ends of the suture 40 being accidently dis- 
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placed from the suture clasps 544 when the needles 546 
engage the suture clasps 544. Thus, the combination of 
forces asserted by the actuating rod 50, the proximal 
inside edges 536 of the aperture 508 and the two pro- 
trusions 528 sustain the suture clasp arms 524 in a rigid, 
locked position to facilitate the proper removal of the su- 
ture looped ends from the suture clasps 544. 
[0091] The shape and position of the angled slits of 
the suture clasps 544 in Figures 2-9 provide another ad- 
vantage. The slits of the suture clasps 544 in Figures 
2-9 are angled in a proximal, radially inward direction. 
Thus, the face of the looped ends of the suture 40 face 
in a proximal, radially inward direction. This configura- 
tion reduces the likelihood that the looped ends of the 
suture 40 will improperly or prematurely fall off the su- 
ture clasps 544. When the needles 546 engage the su- 
ture clasp arms 524, preferably the only direction the 
looped ends may move is in a proximal, radially inward 
direction, which is in the opposite direction of the insert- 
ed needles 546. When the needles 546 retract proximal- 
ly (as shown in Figure 8), the looped ends reliably fall 
into the suture catches 38 of the needles 546. The prox- 
imal movement of the needles 546 in the embodiments 
in Figures 2-9 causes the suture catches 38 on the nee- 
dles 546 to catch the looped ends of the suture 40. 
[0092] In the various embodiments described with ref- 
erence to Figures 1A-9, retractable suture clasp arms 
are used to hold the suture 40 beyond the outer circum- 
ference of the tubular housing (and thus beyond the 
boundaries of the incision 26), and flexible needles 546 
are used to capture the held suture 40 outside the outer 
circumference. In other implementations (not shown), 
the suture clasp assembly may be in the form of a fixed 
(non-moving) member which holds the suture 40 near 
or within the circumference of the housing. In such im- 
plementations, curved needles may be used which 
pierce the vessel wall outside the circumference of the 
housing and then "curve in" to capture the suture. The 
curved needles may then be withdrawn to pull the ends 
of the suture out of the vessel wall 22. 
[0093] Figure 12 is a cross-sectional view of another 
embodiment of a handle 600 which may be used in place 
of the handle of Figure 10. The handle 600 of Figure 12 
comprises a housing 602 with a spring recess 622, a 
pair of external finger grips 604 (only one shown in Fig- 
ure 12), a suture clasp arm piston 606 with a locking 
groove 608, a releasor 61 2 with a locking head 61 0 and 
a needle piston stopper 618, a pivot pin 614, a needle 
piston 620 with needle clamps 616 and a spring 624. 
[0094] The handle 600 also includes a second spring 
(not shown) which biases the releasor 612 toward a po- 
sition in which the locking head 61 0 is engaged with the 
groove 608. Similar to the handle 550 shown in Figures 
1 0 and 1 1 , the finger grips 604 extend outside the hous- 
ing 602 to allow a physician to move the piston 606 rel- 
ative to the housing 602. The proximal ends of the nee- 
dles 546 in Figure 1 2 are attached to the needle clamps 
616, which are attached to the needle piston 620. The 



actuating rod 50 (Figure 2) is attached to the suture 
clasp arm piston 606 in Figure 12. 
[0095] The general operation of the handle 600 
shown in Figure 12 is similar to the operation of the han- 

5 die 550 shown in Figures 10-11. In Figure 12, the needle 
piston stopper 618 prevents the needle piston 620 from 
distally advancing prematurely or improperly. This func- 
tion is similar to the function of the raised key portion 
562 and grooved recess 564 of the handle 550 shown 

10 in Figures 10-11. In Figure 12, the physician advances 
the suture clasp arm piston 606 proximally against the 
biasingforce of the spring614 (by pullingthefinger grips 
604 proximally) to deploy the suture clasp arms 524 
(Figure 3) until the locking head 61 0 of the releasor 612 

15 moves radially inward and falls into the locking groove 
608. At this point, the clasp arms 524 are in the fully 
deployed or open position as in Figure 8. This motion 
causes the proximal portion of the releasor 612 to ad- 
vance radially outward until the needle piston stopper 

20 618 is no longer blocking the needle piston 620. At this 
time, the physician may advance the needle piston 620 
distally into the recess 622 to cause the needles 546 to 
advance distally and capture the suture 40. When the 
physician releases the needle piston 620, the spring 614 

25 moves the needle piston proximally to the outward po- 
sition, causing the needles 546 to retract with the suture 
40. Finally, the physician presses the external lever por- 
tion of the releasor 612 to release the suture clasp arm 
piston 606; this causes the suture clasp arms 524 to re- 

30 turn to the retracted position, so that the device 520 can 
be withdrawn from the artery 16. 
[0096] One of ordinary skill in the art will appreciate 
that there are many possible configurations of this han- 
dle attached to the proximal end of the device 520. In 

35 one configuration (not shown), there are at least two 
springs or sets of springs (not shown), instead of the 
single compression spring as used by the handle 550 in 
Figures 10-11 and the handle 600 in Figure 12. In this 
embodiment with two springs, a first spring exerts a 

40 proximal force on the needles 546 while a second spring 
exerts a distal force on the actuating rod 50 inside the 
handle. In another configuration (not shown), instead of 
a second set of springs or a trigger, the physician man- 
ually retracts the needles 546 proximally back into the 

45 needle housing 516. 

[0097] Figures 13A-17 illustrate the device of Figure 
1A according to another embodiment of the invention. 
In this embodiment, the ends of the suture 40 are pro- 
vided with special loops or fittings 41 that are configured 

50 to engage with the needles 650 (Figure 16). As shown 
in Figure 14A, a first suture clasp arm 630 comprises a 
hinge portion 636 with an aperture 642 for a pivot pin 
502 (Figure 4C). The first suture clasp arm 630 further 
comprises a curved portion 638 for the distal end of an 

55 actuating rod 50 (as in Figure 4B) and the hinge portion 
of a second suture clasp arm 630' (Figure 14B). The first 
suture clasp arm 630 further comprises an annular re- 
cess 632 for holding a suture looped end 41 , a slit 640 



10 



19 



EP 0 941 698 A1 



20 



for the length of the suture 40, and a sloped end 634. 
Figure 1 4B illustrates the second suture clasp arm 630', 
which is the other half of a two-piece suture clasp mem- 
ber. The second suture clasp arm 630' is similar to first 
suture clasp arm 630 except the second suture clasp 
arm 630' does not have a curved portion 638 for the dis- 
tal end of an actuating rod 50 (Figure 4B). 
[0098] The length of the first suture clasp arm 630 is 
preferably about 0.174 inches. The length of both of the 
suture clasp arms 630, 630' together in their fully ex- 
tended position (deployed with both arms parallel to 
each other) is preferably about 0.288 inches. In other 
configurations of the suture clasp arms 630, 630', the 
dimensions may vary. 

[0099] As shown in Figures 16-17, each of the flexible 
needles 650 comprises an extended shaft, a penetrating 
distal tip 654, and a groove 652 near the distal end. The 
needle groove 652 acts as a detent mechanism or su- 
ture catch. In a preferred configuration, the grooves 652 
extend around the complete circumference of the nee- 
dles 650. In other configurations, the grooves 652 are 
partially circumferential along the radial edge of the nee- 
dles 650. The loops 41 correspond generally in diameter 
to grooves 652 of the needles 650, but are sufficiently 
resilient to expand in diameter in response to the down- 
ward force of the needles 650. 

[0100] The looped end 41 of the suture 40 may be 
formed by heating one end of a length of suture until the 
end becomes a ball-shaped configuration. The ball- 
shaped end is then compressed into a disc shape. A 
hole is then made near the center of the disc-shaped 
end such that the disc -shaped end forms a loop. In one 
configuration, the suture 40 comprises a monofilament 
or plastic suture material, such as prolene or declene. 
In one method of forming the looped end, instead of 
heatingthe endof asuture length, the suture end is sim- 
ply compressed and a hole is formed thereafter. The end 
may be further cut or stamped into a circle shape. 
[0101] In another configuration, instead of pre-form- 
ing the hole in the suture end, the actuation of the nee- 
dles 650, as described below with reference to Figure 
17, is used to form the hole and fasten the ends of the 
suture to the needles 650. In another configuration, a 
separately-formed loop is insert-molded, glued, crimped 
or otherwise attached to the end of a length of suture. 
[0102] Each loop 41 may have circular configuration 
as shown in Figure 1 3A, or may have another appropri- 
ate configuration such as an oval, triangle, rectangle, 
hexagon, or octagon. 

[0103] The general use and operation of the device of 
Figures 13A-17 is substantially the same as described 
above with reference to Figures 2-9. Specifically, the 
looped ends 41 of the suture 40 are placed within the 
annular recess 632 of the suture clasp arms 630, 630' 
(Figures 13A and 15). The suture introducer head 522 
is inserted into biological tissue 14 (similar to Figures 
1 A-2), and the suture clasp arms 630, 630' are deployed 
radially outward (Figure 16). The penetrating flexible 



needles 650 pass through the biological tissue to be su- 
tured (similar to Figure 8) and engage the suture clasp 
arms 630, 630' (Figure 17). 

[0104] When the needle points 654 pass through the 

5 looped ends 41 of the suture 40, the looped ends 41 flex 
radially outward momentarily. As the needles 650 con- 
tinue to advance distally, the looped ends 41 come in 
contact with the grooves 652. As the result of the resil- 
iency of the loop material, the looped ends flex radially 

10 inward and fasten around the needle grooves 652, such 
that pulling the needles 650 proximally causes the su- 
ture ends 41 tofollow the proximal movement of the nee- 
dles 650. Thus, the grooves 652 serve the same general 
purpose as the suture catches 38 (Figure 2) described 

15 above with reference to Figures 2-3 and 8. 

[0105] Figures 1 9-20 are perspective views of a four- 
arm suture clasp assembly which may be used with a 
device similar to the suturing device 520 of Figure 1A- 
2. The suture clasp assembly includes four suture clasp 

20 arms 662-668, each of which corresponds to a respec- 
tive needle (not shown) and needle port (not shown) of 
the device. Each of the four suture clasp arms 662-668 
comprises an annular recess and a slit for the length of 
the suture. In one embodiment, two sutures are used 

25 with the device shown in Figures 19-20, each of which 
is held by a pair of suture clasp arms 662-668. Each 
suture has a loop at either end which is placed within 
one of annular recesses of a suture clasp arm 662-668. 
The arms 662-668 may alternatively be provided with 

30 one of the other types of suture clasp structures dis- 
closed above. 

[0106] Figures 21 and 22 illustrate a handle 700 ac- 
cording to another embodiment of the invention. The 
handle 700 comprises a thumb ring 702, a plunger 704, 

35 a plunger distal end 706, amain housing 710, a proximal 
aperture 708, a finger ring 71 2, a sloped floater peg slot 
714, a floater clamp slot 715, a distal end aperture 716, 
a floater 720, a peg 7 18, a floater clamp lock 722, a float- 
er clamp 724, a drive wire (actuating rod 50) clamp 726, 

40 a needle holder backer 728, a needle holder 730, a float- 
er clamp peg 732, a floater clamp aperture 734, a spring 
736, a plunger pegs 738, L-shaped lock recess 740 and 
an extrusion (hollow elongated body 514) clamp 742. 
[0107] The spring 736, the floater 720, the floater 

45 clamp lock 722, the floater clamp 724, the drive wire 
clamp 726, the needle holder backer 728, the needle 
holder 730 and the extrusion clamp 732 are operatively 
received within the main housing 710. The shaft of the 
plunger 704 is slidably received through the floater 720, 

50 the floater clamp lock 722 and the floater clamp 724. 
[0108] The square- or rectangular-shaped shaft of the 
plunger 704 fits within the square- or rectangular- 
shaped axial recess of the floater 720, such that rotating 
the plunger 702 clockwise causes the floater 720 to ro- 

55 tate clockwise as well. The plunger distal end 706 is 
adapted to snap into or otherwise attach itself into the 
needle holder backer 728. The plunger pegs 738 are 
slidably received along the L-shaped lock recess 740 
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formed on the interior of the main housing 710. 
[0109] In a preferred configuration, the L-shaped re- 
cess lock 740, tlie floater peg slot 714 and the floater 
clamp slot 715 are all molded, carved or otherwise 
formed on the interior of the main housing 710. The s 
spring 736 provides a proximal biasing force on the 
plunger pegs 738 and the plunger 704. The spring 736 
also provides a distal biasing force on the floater 720. 
[0110] The floater peg 718 is slidably received along 
the sloping floater peg slot 714. The distal end of the io 
floater 720 snaps and locks into the proximal portion of 
the floater clamp lock 722. The floater clamp lock 722 
is preferably glued, bonded or otherwise attached to the 
floater clamp 724. The drive wire clamp 726 fits within 
the aperture 734of the floater clamp 724. The drive wire ^5 
clamp 726 is glued, bonded or otherwise attached to a 
proximal portion of a drive wire or the actuating rod 50 
of Figures 13B (or Figures 2 or 9). 
[0111] The extrusion (hollow elongated body 514) 
clamp 742 is glued, bonded or otherwise attached to a 20 
proximal portion of the hollow elongated body 514 of 
Figure 13A. The needle holder 730 is preferably glued, 
bonded or otherwise attached to the needle holder back- 
er 728. The proximal portion of the needles 546 of Figure 
2 or the needles 650 of Figure 1 6 are preferably glued, 25 
bonded, molded into or otherwise attached to the needle 
holder 730. 

[0112] The use and operation of the handle 700 will 
now be described with reference to Figure 21 . While the 
handle 700 is in its initial state and shipped to end-users, 
the plunger pegs 738 within the L-shaped lock recess 
740 prevent the plunger 704 from moving distally rela- 
tive to the main housing 710. When a physician rotates 
the plunger 704 clockwise by twisting the thumb ring 
702, the plunger pegs 738 move circumferentially along 
the L-shaped lock recess until the plunger pegs 738 are 
positioned to slide distally down the longitudinal part of 
the L-shaped lock recess 740. 

[0113] As the physician rotates the plunger 704, the 
floater 720 also rotates clockwise. The peg 718 moving 
within the sloped floater peg slot 714 causes the floater 
720 to move proximally. Because the drive wire clamp 
726 is attached to the drive wire or actuating rod 50 (Fig- 
ure 13A), the proximal movement of the floater 720 
causes the floater clamp lock 722, the floater clamp 724, 
the drive wire clamp 726, and the actuating rod 50 to 
move proximally, such that the suture clasp arms 630, 
630' deploy radially outward (Figures 13A-13B). 
[0114] Once the plunger 702 is fully rotated and the 
plunger pegs 738 are positioned to slide distally down 
the longitudinal part of the L-shaped lock recess 740, 
the physician may advance the plunger 702 distally. The 
distal movement of the plunger 702 causes the needles 
546 (Figure 8) orthe needles 650 (Figure 16) to advance 
distally, penetrate the biological tissue, and engage the 
suture clasp arms 524, 630, 630' (Figure 8 and Figure 
16). 

[0115] While embodiments and applications of this in- 



vention have been shown and described, it will be ap- 
parent to those skilled in the art that various modifica- 
tions are possible without departing from the scope of 
the invention. It is, therefore, to be understood that with- 
in the scope of the appended claims, this invention may 
be practiced otherwise than as specifically described. 

Claims 

1 . A suturing device for remotely sealing an incision in 
a wall of a blood vessel or other biological structure, 
comprising: 

an elongated body having a distal portion which 
is adapted to be inserted through the incision 
and into the blood vessel, the distal portion hav- 
ing an outer wall with first and second apertures 
formed therein, the elongated body further 
comprising first and second needle ports posi- 
tioned proximal to the distal portion such that 
the needle ports remain outside the blood ves- 
sel when the distal portion is positioned within 
the blood vessel; 

first and second arms which retract into and ex- 
tend out from the first and second apertures, 
respectively, and which releasably hold a su- 
ture, the arms remotely movable to a deployed 
position in which the arms extend outward from 
30 the body to hold the suture away from the body; 

and 

first and second needles which extend from the 
first and second needle ports, respectively, to 
capture the suture, the needles remotely mov- 
35 able between a retracted position in which the 

needles are housed within the body and an ex- 
tended position in which the needles extend 
distally from the needle ports and outwardly 
from the body; 

40 wherein movement of the needles from the re- 

tracted position to the extended position, and 
backtothe retracted position, with the arms de- 
ployed within the blood vessel and holding the 
suture, causes the needles to pierce the blood 
45 vessel, release the suture from the arms, and 

withdraw a portion of the suture from the blood 
vessel. 

2. The suturing device of Claim 1 , wherein a distal sec- 
50 tion of the elongated body, including the needles 

and the needle ports, is configured to be percuta- 
neously introduced into a patient through a stand- 
ard catheter sheath introducer (CSI) used to per- 
form a catheterization procedure, such that the nee- 
55 dies may be extended and retracted to capture and 
withdraw the suture without removing the CSI from 
the patient. 
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3. The suturing device of Claim 2, wherein a proximal 

section of the elongated body includes a marker on 
an outer surface, the marker indicating a longitudi- 
nal position to which the CSI may be partially with- 
drawn to expose the needle ports. 

4. The suturing device of Claim 1 , wherein the needles 
have a substantially straight configuration when in 
the retracted position, and bend outward away from 
the body when in the extended position. 

5. The suturing device of Claim 4, wherein the needle 
ports include needle guides which apply an outward 
force to the needles to cause the needles to bend 
outward. 

6. The suturing device of Claim 1 , further comprising 
a handle coupled to a proximal portion of the body, 
the handle including controls for remotely moving 
the needles and the arms. 

7. The suturing device of Claim 1 , wherein the first and 
second arms are interconnected by a flexible, resil- 
ient hinge, the hinge holding the arms in a partially 
open position when the hinge is in a relaxed state. 

8. The suturing device of Claim 7, wherein the flexible 
hinge is coupled to an actuator shaft which extends 
within a lumen of the body, and wherein application 
of a proximal force to the actuator shaft causes the 
arms to move from the partially open position to the 
deployed position, and application of a distal force 
to the actuator shaft causes the arms to move from 
the partially open position to a retracted position. 

9. The suturing device of Claim 1 , wherein outer sur- 
faces of the first and second arms are flush with an 
outer surface of the body when the arms are retract- 
ed within the body. 

10. The suturing device of Claim 1 , wherein the first and 
second arms are substantially parallel to the body 
when retracted within the apertures. 

11. The suturing device of Claim 10, wherein the first 
and second arms extend radially outward from the 
body at an angle of approximately 90 degrees when 
in the deployed position. 



10 



15 



20 



25 



30 



35 



40 



45 



ual indication of whether the distal portion is in the 

blood vessel. 

14. The suturing device of Claim 1, wherein the arms 
are spaced proximally from a distal tip of the body 
so that the arms are inhibited from contacting a wall 

of the blood vessel opposite the incision during de- 
ployment. 

15. The suturing device of Claim 1, wherein each nee- 
dle includes a groove formed circumferential ly 

therein, the groove configured to engage a loop at 
an end of the suture. 

16. The suturing device of Claim 1, further comprising 
third and fourth arms which retract into and extend 

from third and fourth apertures in the distal portion 
and releasably hold a second suture. 

17. The suturing device of Claim 1, wherein the body 

includes at least one marker thereon to visually in- 
dicate a rotational orientation of the distal portion. 

18. A suturing device for remotely suturing an incision 
in the wall of a biological structure, comprising: 

a body portion (6), and, movably mounted 
thereto; 

introducing means (500) for introducing a por- 
tion of a suture into said biological structure; 
at least one needle (248) movably mounted, 
relative to said introducing means, so as to pen- 
etrate said wall to the side of said incision, and 
to engage said suture portion within said bio- 
logical structure; and 

retraction means (50) for withdrawing the nee- 
dle from the wall together with said suture por- 
tion. 

19. The device of claim 18, in which the introducing 
means (500) is arranged to enter and introduce 
said suture portion into, said structure through said 
incision. 



12. The suturing device of Claim 1, wherein the distal 50 
portion includes at least one blood port which is flu- 
id ly coupled to a lumen within the elongated body, 

the lumen extending to a proximal portion of the 
elongated body to allow a physician to determine 
whether the distal portion is in the blood vessel. 55 

13. The suturing device of Claim 12, wherein the lumen 
is coupled to a pressure sensor that provides a vis- 
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